1 High intensity interval training (HIIT) is a time efficient method of improving aerobic and 2 anaerobic power and capacity. In most individuals, however, HIIT using modalities such as 3 cycling, running, and rowing does not typically result in increased muscle strength, power, or 4 endurance. The purpose of this study is to compare the physiological outcomes of traditional were tested on multiple fitness parameters. MM-HIIT showed similar improvements (p<0.05 for 9 post hoc pre-post training increases for each group) as Row-HIIT in VO 2 max (7 vs 5%), 10 anaerobic threshold (13 vs 12%), respiratory compensation threshold (7 vs 5%), anaerobic power 11 (15 vs 12%), and anaerobic capacity (18 vs 14%, respectively). The MM-HIIT group had 12 significant (p < 0.01 for all) increases in squat (39%), press (27%), and deadlift (18%) strength, 13 broad jump distance (6%), and squat endurance (280%); whereas the Row-HIIT group had no 
In this study, we examine a novel multi-modal HIIT (MM-HIIT) protocol that 11 incorporates resistance and conditioning modalities within the work interval to combine multiple 12 training effects while minimizing training time. This form of training is common in many fitness 13 facilities, but has not undergone scientific investigation. The purpose of this study is to document 14 the physiological benefits of a MM-HIIT program compared with HIIT using a more traditional D r a f t 1 Participants were grouped using convenience assignment based on their availability for training 2 times and each group was then randomly assigned to complete either the Row-HIIT or the MM-3 HIIT training program. On day one, all participants underwent screening and initial testing by a 4 physical therapist, which consisted of a medical history, baseline blood pressure, height and 5 weight, and a treadmill VO 2 max test. Following day one of screening, participants engaged in 6 three familiarization, practice, and adaptation sessions for the movements to be used during 7 training and testing. Familiarization was followed by three field testing sessions conducted 8 during week #2. Participants then underwent 6 weeks of group training 3 times a week. Post-9 testing was then performed on the same measures as the pre-training tests. For the full testing, 10 familiarization, and training program schedules, please see Supplementary Material (Tables S1   11   and S2 ). Individual participant attendance was recorded and data were accepted if participants 12 achieved greater than 80% attendance. Test evaluators were blinded to the group randomization.
14

Participants
15
Thirty two recreationally active participants between the ages of 18 and 35 were recruited 16 and gave consent to the study, which was approved by the local institutional ethics review board.
17
Recreationally active was defined as participants engaging in periodic physical activity or 18 exercise between 1 and 3 hours weekly for 1 month or longer. Participants were not currently 19 engaging in systematic endurance or weight training. Study participants were instructed to stay 20 consistent with their levels of exercise activity prior to the study, but to not progress these Thus, fourteen participants in each group completed the study (Table 1) .
Tests and Measures
10
VO 2 max test
11
Maximal aerobic power (VO 2 max) was assessed using a customized graded treadmill 12 protocol. Participants completed a three minute warm up at 3.5 kph and 1% grade on a treadmill 13 (TrackMaster TMX425C, Full Vision, Newton, KS), which was followed by incremental one 14 minute stages. In the initial stages, speed was progressed by 1 kph per minute with the grade 15 held constant at 1% until the participant indicated they had reached a pace slightly greater than 16 their subjectively determined sustainable running speed. At this point, the speed was held load was set at 70% of the pre-training 1RM back squat for both pre-and post-training tests.
4
Movement standards were the same as for the 1RM test and the total successful repetitions 5 achieved without a repetition rest were recorded. Muscle power was assessed using a static 6 broad jump. The best horizontal distance achieved out of three trials was recorded. for the strength exercise, a "heavy" load was defined as 4-6 repetitions and if participants were 7 able to sustain 6 repetitions across all 6 intervals, the load would be progressed in the next 8 session using the same exercise. Participants were instructed to engage in all-out intensity 9 during every interval. Please see Supplementary Material (Table S2 ) for more information. All participants who completed the study performed greater than 80% of the training sessions.
1
There was no difference in attendance between groups (89 ± 5 and 91 ± 6%, for MM-HIIT and 2 Row-HIIT, respectively; p = 0.69). There was a significant main effect of time, but not for group, for each of VO 2 max (p < 0.01), 9 VO 2 at AT (p < 0.01) and VO 2 at RCT (p < 0.01). Table 2 shows the individual group data and 10 indicates that there were increases in VO 2 max and VO 2 at AT for both groups, but VO 2 at RCT 
Wingate test
15
There were no interaction effects for anaerobic power or capacity. There were significant 16 main effects for time, but not group, for both anaerobic power (p < 0.01) and capacity (p < 17 0.01). As shown in Table 2 , there were significant increases in anaerobic power and capacity for 
Discussion
18
We examined the effects of a novel MM-HIIT protocol compared with Row-HIIT on 19 aerobic and anaerobic performance, and muscle strength, power, and endurance. During the 6 20 week training period, both MM-HIIT and Row-HIIT increased anaerobic threshold (13% vs 21 12%), VO 2 max (7% vs 5%), and anaerobic power (15% vs 12%) and capacity (18% vs 14%, D r a f t respectively). Only the MM-HIIT group had significant increases in RCT (7%). These findings 1 support our first hypothesis that both Row-HIIT and MM-HIIT will have similar adaptations in 2 aerobic and anaerobic energy systems.
3
In terms of muscle strength, power, and endurance, only MM-HIIT resulted in significant 4 improvements in squat, deadlift, and overhead press strength. Similarly, significant increases in 5 muscle power (broad jump) and endurance (70% 1RM backsquat) were only observed in the 6 MM-HIIT group. These findings support our second hypothesis that the MM-HIIT group would 7 improve muscle performance to a greater degree than Row-HIIT. increased all measures, the MM circuit group increased only vertical chest press (21%) and 11 hamstring curl (8%) strength, but not lat pull down and knee extension strength. In addition, the 12 circuit group was inferior in their measures of muscle endurance; although they compared the 13 number of repetitions completed at 60% of 1RM on each strength exercise at the corresponding 14 time point, rather than using the pre-training 1RM for both tests. In comparison, our study of 
